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econstruction of the nasal osseocartilaginous framework is the foundation of successful secondary rhinoplasty.
1,2 Achieving this often requires large quantities of cartilage to correct both contour deformities and functional problems caused by previous procedures. [3] [4] [5] Satisfactory and consistent long-term results rely on using grafts with low resorption rates and sufficient strength to offer adequate support. 4, [6] [7] [8] As in primary rhinoplasty, autologous tissue is always preferred because the use of alloplastic material increases the rate of infection and/or extrusion. 9 -14 There are five potential donor sites for autologous grafts in secondary rhinoplasty: septal cartilage, auricular cartilage, rib cartilage, and iliac and calvarial bone. 1, [3] [4] [5] [15] [16] [17] The septum is the preferred source in secondary rhinoplasty because it requires no additional incisions, there is no significant donorsite morbidity, and its harvest may correct septal deviations and improve the airway. 4, 17, 18 Unfortunately, the quantity of septal cartilage available is frequently insufficient, which mandates the use of alternative donor sites. In the senior author's (J.P.G.) experience, the rib provides the most abundant source of cartilage for graft fabrication and is the material of choice when reliable structural support is needed. Ear cartilage is used occasionally but is less successful when structural support is mandatory. 3, 16 Finally, bone is rarely used because of its variable postoperative resorption and difficult handling properties. 15, 17 In this article, relevant aspects of harvesting rib cartilage are presented and analyzed. every aspect of secondary rhinoplasty and is the preferred donor site when rigid support is necessary. The most significant advantage of rib cartilage is that grafts can be produced with considerable versatility with respect to shape, length, and width. This facilitates reconstruction of the nasal framework in patients with virtually all types of functional and aesthetic requirements.
However, use of rib cartilage has several disadvantages. First, an additional incision at a distant donor site is required to harvest the cartilage. Fortunately, the resulting scar is relatively short (approximately 5 cm) and is generally inconspicuous in women because of its placement under the breast. Additional concerns include postoperative pain, the risk of pneumothorax, and the potential of rib cartilage to warp. 19 The latter may lead to long-term postoperative distortions of nasal shape. The use of stabilizing Kirschner wires placed through the center of these grafts has been a successful technique for counterbalancing these tendencies. 20 In older patients, ossification of the cartilaginous rib is a significant concern. Therefore, a limited computed tomographic scan of the sternum and ribs is recommended in those patients where there is a high index of suspicion (Fig. 1) . Experienced radiologists can determine the extent of calcification in the cartilaginous rib, which will indicate the likelihood of success with a rib grafting procedure (Fig. 2) . In our office, we commonly order a limited computed tomographic scan of the sternum with special request for axial images of the sternum and costosternal junctions with coronal reformations.
Extensive calcification of the cartilaginous ribs will greatly impair graft preparation and use. In patients who need multiple cartilage grafts, we will normally not proceed with attempts at autologous reconstruction when these findings are encountered.
MARKING
Rib cartilage harvesting is preferentially performed on the patient's left side to facilitate a two-team approach. Marking is initiated by palpating the sternomanubrial joint, which indicates the position of the second rib. The ribs are then palpated and numbered according to their position. The fifth, sixth, or seventh rib is most often selected for harvest.
In female patients, the incision is marked approximately 5 mm above the inframammary fold and measures 5 cm in length. The incision should not extend beyond the medial extent of the inframammary fold. This avoids postoperative visibility of the incision if the patient wears low-cut clothing (Fig. 3) . 
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In male patients, placement of the incision is not as important unless there is a hair-bearing area in which the incision can be camouflaged. If not, the incision is usually placed directly over the chosen rib to facilitate the dissection (Fig. 4) .
TECHNIQUE
The amount of cartilage required dictates whether the cartilaginous segment from one rib, one rib and a portion of another, or the entire cartilage segments of two ribs need to be harvested. In general, one should choose the cartilaginous portion of a rib that provides a straight segment with sufficient cartilage to fabricate all grafts. It is often possible to construct all required grafts from the cartilaginous portion of a single rib. If additional grafts are needed, a part or the entire cartilaginous portion of a remaining rib may be harvested.
After placement of the incision has been decided, the harvesting procedure begins by incising the skin using a no. 15 blade. The subcutaneous, fascial, and muscle layers are then transected using electrocautery (Fig. 5) .
If the patient has had a previous breast augmentation, it is best to avoid entering the capsule or exerting undue pressure superiorly to avoid rupturing the implant. Gentle retraction can be used to displace the implant during the dissection. It is generally prudent to attempt to harvest ribs that are more distant from the capsule first. If the capsule is violated, extensive irrigation of the pocket with an antibiotic solution and careful closure with absorbable sutures is recommended. Once the muscle fascia has been reached, it is important to palpate the underlying ribs to ensure that the dissection proceeds directly over the longitudinal axis of the chosen rib.
Knowing the position of both bony-cartilaginous junctions is important to ensure that the Volume 130, Number 5S-3 • Rib Grafts for Secondary Rhinoplasty maximum length of each rib is harvested, thereby optimizing the efficiency of the procedure. After exposing the selected rib, a longitudinal incision is made through the perichondrium along the length of the central axis of the rib (Fig. 6) . Perpendicular cuts are also made at the most medial and lateral aspects of the cartilaginous rib to facilitate reflection of the perichondrium.
The dissection should be carried medially until the junction of the rib cartilage and sternum can be palpated. The most lateral extent of the dissection is demarcated by the costochondral junction. Identification of the junction is facilitated by the subtle change in color at the interface; the cartilaginous portion is generally off-white in color, whereas the bone demonstrates a distinct reddish gray hue. In older patients, the cartilage tends to be more yellow and friable, often with focal calcifications.
To ensure the position of the lateral bony-cartilaginous junction, the sharp point of the Bovie needle is pressed against the anterior surface of the rib. It will easily penetrate into cartilage but not bone (Fig. 7) . A Dingman elevator is then used to elevate perichondrial flaps based on the superior and inferior borders of the rib cartilage (Fig. 8) .
The dissection is then continued subperichondrially until the posterior aspect of the rib is exposed. During elevation, the perichondrium may become tight and limit further dissection. If this occurs, it is useful to perform additional perpendicular back-cuts on the anterior surface of the perichondrial flap to release tension. Perichondrial elevators are then used to release the posterior adherence between the cartilage and perichondrium as far as possible (Fig. 9) . A curved rib stripper completes the posterior dissection (Fig. 10) . We have found it useful to pass the tip of the rib stripper with gentle upward force to stay within the subperichondrial space. However, care must be taken to not enter the body of the cartilaginous rib or cause a fracture that may limit graft fabrication. 
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The remainder of the subperichondrial dissection is generally straightforward and bloodless, provided that the perichondrium is not violated and the correct plane is maintained. The curved rib stripper is slid back and forth along the rib, taking care to stay between the cartilage and perichondrium until the undermining is complete (Fig. 11) . Perichondrial tears should be avoided so that a tight postoperative closure can later be accomplished to help "splint" the wound, which aids in relieving postoperative pain.
The final step involves separating the cartilaginous rib from its medial attachments near the sternum and laterally at the bony rib. This is performed by making a partial-thickness right-angled incision using a no. 15 blade at the aforementioned junctions (Fig. 12) . The separation can then be completed by inserting a curved rib stripper under the incision sites and the sharp end of a Freer elevator used with gentle side-to-side movements to complete the incision (Fig. 13) . Once the cartilage segment is released both medially and laterally, the graft is easily removed from the wound and placed in sterile saline with gentamicin (50 mg/500 cc) until the surgeon is ready for fabrication (Fig. 14) .
If more grafting material is required, a portion of cartilage or the entire cartilaginous part of another rib should then be harvested. After choosing an adjacent donor rib, access to the perichondrium is obtained by undermining deep to the existing muscle. By avoiding an additional incision through the fascia and muscle, this prevents the creation of a "bridge" of denervated and devascularized muscle between adjacent ribs, which may result in delayed healing at the donor site.
After exposing the perichondrium on the anterior surface of the adjacent rib, harvesting of its entire cartilaginous portion is performed as out- Volume
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lined above. In some situations, it may be sufficient to harvest only a segment of the subsequent rib. If this is the case, the perichondrium does not need to be elevated circumferentially as previously described. Instead, the desired amount of cartilage should be defined and marked. Then, a perichondrial flap is created by incising and elevating the perichondrium only over the surfaces of the marked cartilage. The chosen segment is then incised with a no. 15 blade and harvested using a sharp elevator.
After hemostasis is achieved, the donor site is checked to ensure that no pneumothorax has occurred. The wound is filled with saline solution and the anesthesiologist applies positive pressure into the lungs. If no air leak is detected, a pneumothorax can be excluded. A 16-gauge Angiocath catheter (Becton Dickinson, Franklin Lakes, N.J.) is inserted through the skin and placed in the subperichondrial space. The wound may then be closed in layers. Particular attention should be directed at reapproximating the perichondrium. It is important to attempt to close the perichondrium tightly because this layer is fairly rigid and may help to "splint" the wound and reduce postoperative pain. The Angiocath is secured to the skin to avoid accidental removal.
Wound closure is completed by approximating the muscle and fascial layers using 2-0 Vicryl sutures (Ethicon, Inc., Somerville, N.J.). Skin closure is carried out using deep dermal and subcuticular 4-0 Monocryl sutures (Ethicon) (Fig. 15 ) (see Video, Supplemental Digital Content 1, which demonstrates harvesting of rib cartilage graft, http://links.lww.com/A397).
CALCIFIED CARTILAGE
Despite appropriate preoperative screening, occasionally patients will present with premature calcification of the cartilaginous rib. Frequently, this is limited and at the junction of the osseous and cartilaginous rib. A straight osteotome or el- 
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evator can gently lift the calcification to provide adequate access to the underlying cartilage.
Small foci of calcification may also be found within the body of the rib cartilage itself. This can impair the preparation of individual grafts and act as a site of weakness, often having a tendency to fracture. We have found that the use of a smooth diamond burr can also prove useful in contouring areas of calcification to salvage these uncommon circumstances. If the cartilage is unexpectedly found to be so extensively calcified at the time of the operation that it is unusable, we would then consider the use of irradiated donor cartilage, accepting the increased risks of progressive resorption over time.
COMPLICATIONS
If a pneumothorax has been diagnosed, this usually represents an injury only to the parietal pleura and not to the lung parenchyma itself. As such, this does not mandate chest tube placement. Rather, a red rubber catheter can be inserted through the parietal pleural tear into the thoracic cavity. The incision should then be closed, as previously described, in layers around the catheter. Positive pressure is then applied and the catheter is clamped with a hemostat until the surgeon is prepared to remove it. At the end of the operation, the anesthesiologist applies maximal positive pressure into the lungs and holds this as the catheter is placed on suction and removed. A postoperative chest radiograph should be taken if there is any concern about the effectiveness of reestablishing negative pressure within the pleural space.
POSTOPERATIVE ANALGESIA
Before the patient leaves the operating room, 10 ml of 0.25% Marcaine solution (AstraZeneca, London, England) is injected into the subperichondrial space before removal of the Angiocath. This measure has helped reduce patient discomfort at the donor site and may therefore help decrease the occurrence of splinting and postoperative atelectasis. Finally, the incision is dressed with Steri-Strips (3M, St. Paul, Minn.), gauze, and an occlusive dressing.
At the time of this writing, implantable pain pumps are being studied to determine their effectiveness as adjunctive measures for minimizing the discomfort after surgery. 
